The problem of soil contamination with petroleum hydrocarbons and heavy metals is becoming particularly acute for large oil-producing countries, like the Russian Federation.
Both hydrocarbon and metal contaminants impact negatively the soil biota and human health, thus requiring efficient methods for their detoxification and elimination.
Bioremediation of soil co-contaminated with hydrocarbon and metal pollutants is complicated by the fact that, although the two components must be treated differently, they mutually affect the overall removal efficiency. Heavy metals are reported to inhibit biodegradation of hydrocarbons by interfering with microbial enzymes directly involved in biodegradation or through the interaction with enzymes involved in general metabolism. Here we discuss recent progress and challenges in bioremediation of soils co-contaminated with hydrocarbons and heavy metals, focusing on selecting metal-resistant biodegrading strains and biosurfactant amendments.
Environmental impacts of hydrocarbon and metal soil co-contamination
Contamination of soil environments with petroleum hydrocarbons (in the form of crude oil, fuels, organic solvents and other petroleum products) and heavy metals is becoming prevalent globally.
Moreover, many contaminated industrial and municipal sites around the world are co-contaminated with organic and metal pollutants [1] [2] [3] . In fact, the largest emission sources for heavy metals are energy-related activities associated with oil extraction and refinery, as well as fuel combustion for heat and transport [4] [5] [6] 
Metal toxicity for hydrocarbon-degrading microorganisms
Bioremediation of soil co-contaminated with hydrocarbon and metal pollutants is complicated by the fact that, although the two components must be treated differently, they mutually affect the overall removal efficiency. Biodegradation is considered to be an environmentally friendly and cost-saving process for removing organic contaminants, particularly hydrocarbons. In contrast, the non-biodegradable metal component must be removed, detoxified or stabilised within the site using microbial biosorption and phy- In Focus metal-resistant oil-degrading microorganisms. We previously isolated and characterised a large number of vanadium-tolerant bacterial strains from soils contaminated with crude oil and refinery wastes 13 . The vast majority of isolated strains were resistant to high concentrations of vanadium salts and appeared to be capable of biosorption of the metal from the medium. Moreover, a nonspecific resistance of selected actinobacterial cultures to heavy metals correlated positively with their growth on hydrocarbons and biosurfactant production (estimated as emulsifying activity) (Table 1) 14 . Thus, microorganisms exposed to metal-and hydrocarbon-polluted environments developed several mechanisms to tolerate a cumulative stress caused by metal ions (using efflux, complexation, or reduction) and toxic hydrocarbons (using modifications of the cell envelope and degradation 15 ). Our recent findings suggest the involvement of proton-and sodium-dependent efflux pumps in the organic solvent tolerance of Rhodococcus actinobacteria 16 , so these efflux systems could serve as cell adaptation mechanisms to both hydrocarbons and heavy metals. 
Bioremediation approaches to hydrocarbonand metal-polluted soils

